The Mis12/MIND kinetochore complex is composed of 4 subunits of which the Dsn1 protein is a crucial component in all organisms where it has been identified. In Caenorhabditis elegans, depletion of Dsn1 results in a so-called "kinetochore null" phenotype, hence Dsn1's alternative name KNL3. In human, Dsn1 is required to shape an interface between the Mis12 complex and Blinkin, the counterpart of Spc105. In Drosophila however, despite many efforts using sequence comparisons and proteomics-based studies, a Dsn1 ortholog has not been found. Here we speculate that Drosophila Spc105R, a protein very much diverged from its counterparts in other species, might not only be playing the role of Spc105 itself but also of Dsn1.
Kinetochores play an indispensable role in the attachment of spindle microtubule fibers to mitotic chromosomes. 1 They comprise multi-protein sub-complexes that facilitate the assembly on centromeres shortly before the onset of mitosis and attachment to microtubules at the end of prophase. These sub-complexes allow kinetochores to be assembled and disassembled in a timely manner. Although our knowledge of the protein composition of kinetochores has grown very rapidly, mainly due to the application of mass spectroscopy, the mechanisms that regulate their assembly and function are not understood.
The Mis12 (also called MIND) complex is a structural component of the kinetochore core. [2] [3] [4] Along with the Spc105/KNL1 protein and Ndc80 complex it forms the so-called KMN network and together these form a direct link between centromeres and microtubules 5 and provide a platform to recruit ancillary kinetochore proteins. The Mis12 complex comprises four proteins 2 that in all organisms studied so far are crucial for recruitment and function of the complex. 1 In human cells, for example, the recruitment of each subunit is codependent upon the presence of the others and absence of any single component leads to a failure of kinetochore localization. 4 In all species that have been investigated the Dsn1 (Dosage Suppressor of Nnf1) protein is a member of the Mis12 complex, along with Mis12, Nsl1 and Nnf1. 1 In C. elegans the consequences of the RNAi-based depletion of Dsn1 are stronger than depletion of any other component of the complex, giving rise to the 'kinetochore null' (KNL) phenotype. 3 In human cells phosphorylation of Dsn1 at specific residues was shown to regulate the assembly of the Mis12 complex. 6 In the face of this data suggesting an essential role for Dsn1 it became very surprising, when in Drosophila proteomic analyses were able to recognize orthologs of all subunits of the Ndc80 complex, the Spc105 protein and all components of the Mis12 complex with the single exception of Dsn1. 7, 8 Although it is difficult to exclude the possibility that Drosophila Dsn1 is still waiting to be discovered, perhaps there are alternative explanations.
If the Dsn1 function is an essential component of the Mis12 complex in C. elegans and in human, how possibly could Drosophila manage without it if it has been lost during evolution? One possible explanation could be that parallel changes occurred in other kinetochore components to endow them with Dsn1-like functions. Which protein might then be a possible candidate for this Dsn1 surrogate? Unusually, Drosophila has two Nnf1 paralogs, Nnf1a and Nnf1b 7, 8 in contrast to all other studied organisms that have always just a single Nnf1. However, it seems unlikely that having the second Nnf1 contributes to any different properties of the Drosophila Mis12 complex since our proteomic studies performed so far suggest that in each single Drosophila Mis12 complex there is always only one Nnf1 molecule , either Nnf1a or Nnf1b (unpublished data). This again implies that the Drosophila Mis12 complex comprises three, and not four, subunits. But how can the function of Dsn1 be taken over by a complex of the remaining three small proteins?
The alternative explanation might be that Drosophila Spc105R (Spc105-related) can provide the functions of Dsn1. In support of Figure 1 . Schematic view of the composition of Mis12 complex along with Spc105 protein in human and in Drosophila. Spc105R in fruit flies is "embedded" in the Mis12 complex, whereas in human (and other species) it forms a separate entity. We suggest that Spc105R plays not only the role of human counterpart of Spc105 (also known as Blinkin or hKNL1), but also functions as Dsn1 in the Drosophila Mis12 complex.
Searching for Drosophila Dsn1
www.landesbioscience.com Cell Cyclethis idea, our RNAi-based recruitment dependency studies show that components of Mis12 complex are recruited to kinetochores only in the presence of Spc105R. 8 Although we have some degree of caution since these studies investigated the recruitment of GFP-tagged fusion proteins expressed from constitutive promoters in tissue culture cells, we believe these results reflect or at least closely resemble dependencies occurring in vivo. The recruitment dependency of Drosophila Mis12 complex on Spc105R protein thus differs from the findings for the human KMN network. In human cells components of Mis12 complex are recruited to the kinetochore independently of Blinkin/ Spc105, but the recruitment of Blinkin/Spc105 depends on the prior assembly of the Mis12 complex. 9 This means that although in human and other species the Mis12 complex and Spc105 protein exist as separate entities, in Drosophila Spc105 may be to certain extent considered as a component of the Mis12 complex ( Figure 1 ). This leads us to suggest that Dsn1 protein has been lost from the Drosophila genome during evolution, but its function taken over by Spc105R. KMN proteins are highly diverged between species and this seems to be exaggerated in the case of Drosophila. 8, 10 We speculate that core Drosophila kinetochore proteins may have undergone adaptation in sequence and structure so they can perform necessary kinetochore functions in the absence of Dsn1. If the whole network of interacting proteins accommodated this change we might expect Spc105R itself to have undergone adaptation. This may be the reason why Drosophila Spc105 is even more diverged than any other Drosophila Mis12 or Ndc80 complex component. 8 There are precedents for divergence of structure amongst other Drosophila proteins required for accurate chromosome segregation. Drosophila is unusual in that its Separase, SSE, that cleaves the kleisin subunit of cohesin to enable sister chromatid separation, is about 1/3 the size of separases in other organisms. Unusually it is complexed not only to a securin, Pimples, also highly diverged in sequence, but also to another regulatory molecule, Three Rows. 11 It is at the moment difficult to understand why Dsn1 might have disappeared in the course of evolution. But if that really has happened, it becomes extremely interesting to compare high resolution structures of the KMN network complexes of Drosophila with those of other organisms. Such comparative structural biology could bring us closer to understand the workings of the kinetochore machinery and the molecular mechanisms of its regulation.
